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Abstract
Introduction:  In  teenagers  with  perennial  allergic  rhinitis,  exposure  to  tobacco  cigarette  smoke
increases the  count  of  eosinophils  in  the  nasal  mucosa;  the  recruitment  of  eosinophils  arises
from the  combined  action  of  a  number  of  cellular  and  molecular  signals,  including  eotaxin.
Objective:  To  assess  the  effect  of  exposure  to  tobacco  cigarette  smoke  on  the  count  of
immunoreactive  cells  to  eotaxin-1  and  eosinophils  on  the  nasal  mucosa  of  children  and  teenagers
with perennial  allergic  rhinitis.
Methods:  In  a  cross-sectional  study,  forty-four  patients  were  evaluated  (aged  7--19  years  old):
22 with  and  22  with  no  exposure  to  tobacco  cigarette  smoke.  After  replying  to  2  validated  ques-
tionnaires,  on  Asthma  and  Allergies  in  Childhood  and  on  the  severity  of  nasal  symptoms,  nasal
mucosal samples  were  obtained  by  scraping  the  middle  one-third  of  the  inferior  turbinates.
Then counts  of  immunoreactive  cells  to  eotaxin-1  and  eosinophils  were  assessed  by  immuno-
histochemistry.
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Results:  Patients  with  exposure  to  tobacco  cigarette  smoke  showed  higher  cell  counts  of  both
eotaxin-1  and  eosinophils  than  patients  with  no  exposure  to  the  smoke,  with  no  correlation
between  the  two  variables.  However,  both  counts,  of  eotaxin-1  and  eosinophils,  were  related
to the  cotinine/creatinine  ratio.
Conclusions:  Exposure  to  tobacco  cigarette  smoke  can  increase  eotaxin-1  and  the  count  of
eosinophils  in  the  nasal  mucosa  of  young  patients  with  perennial  allergic  rhinitis.
© 2016  Associac¸a˜o  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Ce´rvico-Facial.  Published
by Elsevier  Editora  Ltda.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).
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Efeito  do  tabagismo  nas  contagens  de  células  imunorreativas  a  eotaxina-1  e
eosinóﬁlos  na  mucosa  nasal  em  pacientes  jovens  com  rinite  alérgica  perene
Resumo
Introduc¸ão: Em  adolescentes  com  rinite  alérgica  perene,  a  exposic¸ão  à  fumac¸a  do  cigarro  de
tabaco aumenta  a  contagem  de  eosinóﬁlos  na  mucosa  nasal.  O  recrutamento  de  eosinóﬁlos
surge da  ac¸ão  combinada  de  alguns  sinais  celulares  e  moleculares,  incluindo  a  eotaxina.
Objetivo:  Avaliar  o  efeito  da  exposic¸ão  à  fumac¸a  do  cigarro  de  tabaco  na  contagem  de  células
imunorreativas  a  eotaxina-1  e  eosinóﬁlos  na  mucosa  nasal  de  crianc¸as  e  adolescentes  com  rinite
alérgica perene.
Método:  Em  um  estudo  transversal,  quarenta  e  quatro  pacientes  foram  avaliados  (com  idade
entre 7  e  19  anos  de  idade):  22  com  e  22  sem  exposic¸ão  à  fumac¸a  do  cigarro  de  tabaco.  Depois
de responder  a  2  questionários  validados,  sobre  Asma  e  Alergias  na  Infância  e  sobre  a  gravidade
dos sintomas  nasais,  as  amostras  de  mucosa  nasal  foram  obtidas  por  meio  de  raspagem  do
terc¸o médio  das  conchas  inferiores.  Em  seguida,  as  contagens  de  células  imunorreativas  para
eotaxina-1  e  eosinóﬁlos  foram  avaliadas  por  imuno-histoquímica.
Resultados:  Os  pacientes  com  exposic¸ão  à  fumac¸a  do  cigarro  de  tabaco  apresentaram  contagens
de células  mais  elevadas  tanto  para  eotaxina-1  como  para  eosinóﬁlos  em  comparac¸ão  com  os
pacientes  sem  exposic¸ão  à  fumac¸a,  sem  correlac¸ão  entre  as  duas  variáveis.  No  entanto,  ambas
as contagens,  de  eotaxina-1  e  eosinóﬁlos,  foram  relacionadas  com  a  razão  cotinina/creatinina.
Conclusões:  A  exposic¸ão  à  fumac¸a  do  cigarro  de  tabaco  pode  aumentar  a  eotaxina-1  e  a  con-
tagem de  eosinóﬁlos  na  mucosa  nasal  de  pacientes  jovens  com  rinite  alérgica  perene.
© 2016  Associac¸a˜o  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Ce´rvico-Facial.  Publicado
por Elsevier  Editora  Ltda.  Este e´  um  artigo  Open  Access  sob  uma  licenc¸a  CC  BY  (http://
creativecommons.org/licenses/by/4.0/).
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llergic  diseases,  such  as  allergic  asthma,  allergic  rhinitis
nd  atopic  dermatitis  are  characterized  by  an  increased
umber  of  eosinophils  in  the  circulating  blood,  and  degranu-
ation  in  the  target  tissue  is  considered  the  major  pathogenic
vent.1 The  recruitment  of  eosinophils  arises  from  the  com-
ined  action  of  a  number  of  cellular  and  molecular  signals,
ncluding  eotaxin.2,3 Eotaxin-1  binds  with  high  afﬁnity  to  CC
hemokine  receptor  3,  which  is  expressed  by  a  variety  of
nﬂammatory  cells.4--6 Blocking  eotaxin  or  CCR3  has  been
roposed  as  a  new  approach  to  allergy  immunotherapy.7,8
owever,  more  information  about  the  interaction  between
he  ligands  and  their  receptors  is  required.
Allergic  rhinitis  is  a  common  condition  affecting  peo-
le  of  all  ages,  with  peak  lifetime  prevalence  occurring  in
eenagers.9 It  has  been  shown  that,  in  adult  patients  with
llergic  rhinitis,  nasal  allergen  challenge  may  led  to  parallel
ncreases  of  the  count  of  eosinophils  and  eotaxin  levels  in
asal  lavage  ﬂuid,  with  a  strong  correlation  between  the  two
o
iariables.10 In  natural  conditions  of  disease,  without  nasal
hallenge,  compared  with  controls,  eotaxin-1  concentration
n  nasal  lavage  ﬂuid  from  patients  with  allergic  rhinitis  is
ncreased  in  both,  the  perennial  and  seasonal  forms,  and  it
s  related  to  the  percentage  of  lavage  eosinophils  and  the
everity  of  symptom  expression.11
Children  exposed  to  environmental  tobacco  smoke  have
n  increased  risk  of  developing  respiratory-tract  illnesses.
xperiments  in  murine  models  show  that  tobacco  smoke
an  elicit  a  rapid  and  prolonged  exaggerated  immune
esponse.12,13 In  humans,  the  effects  of  tobacco  smoke  on
he  upper  respiratory  airways  include  the  recruitment  and
ctivation  of  inﬂammatory  cells.14 In  teenagers  with  peren-
ial  allergic  rhinitis,  patients  exposed  to  tobacco  cigarette
moke,  compared  with  those  with  no  exposure,  may  have
n  increased  count  of  eosinophils  in  the  nasal  mucosa.15 In
atients  with  asthma  smoking  increases  eotaxin  levels.16The  purpose  of  this  study  was  to  assess  the  inﬂuence
f  exposure  to  tobacco  cigarette  smoke  on  the  counts  of
mmunoreactive  cells  to  eotaxin-1  and  eosinophils  in  the
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Effect  of  cigarette  smoke  on  eotaxin-1  and  nasal  eosinophils
nasal  mucosa  of  children  and  teenagers  with  perennial  aller-
gic  rhinitis.
Methods
Ethical  considerations
The  protocol  was  approved  by  the  Local  Research  and  Ethics
Committee,  and  informed  consent  was  obtained  from  all
patients  and  their  parents.
Participants
Forty-four  patients  with  perennial  allergic  rhinitis  partici-
pated  in  the  study,  all  living  within  the  same  city  area  of
Mexico  City.  Inclusion  in  the  study  was  considered  consec-
utively  when  perennial  allergic  rhinitis  was  diagnosed  for
the  ﬁrst  time  and  patients  had  no  evidence  of  infection,
sinusitis,  otitis  media,  nasal  polyps,  anatomical  abnormality,
systemic  disease,  lung  disease,  asthma,  atopic  dermatitis,
seasonal  allergic  rhinitis  or  pregnancy;  neither  they  have
used  immunotherapy,  corticosteroids  (nasal  or  systemic),
cromolin,  anti-inﬂammatory  treatment  or  antileukotrienes
within  3  months  prior  to  participating  in  the  study.
According  to  the  exposure  to  tobacco  cigarette  smoke,
they  were  classiﬁed  in  two  groups,  with  a  similar  age,
weight,  body  mass  index  and  time  of  clinical  evolution
(Table  1):
Group  I  --  22  patients  exposed  to  tobacco  cigarette
smoke.  They  were  aged  7--19  years  (mean  ±  standard  devi-
ation  12  ±  3  years),  12  were  males  and  10  were  females.
Group  II  --  22  patients  not  exposed  to  tobacco  cigarette
smoke.  They  were  aged  7--17  years  (11.9  ±  3.2  years),  15
were  males  and  7  were  females.
m
A
s
Table  1  Characteristics  of  44  patients  with  perennial  allergic  rh
smoke.
Variables  (mean  ±  SD)  
Age  (years)  
Weight (kg)  
Height (m)  
Body mass  index  
Time of  clinical  evolution  (years)  
Urine cotinine/creatinine  ratio  (ng/mg)  
Eotaxin-1  (immunoreactive  cells  per  square  millimeter)
Eosinophils  count  (immunoreactive  cells  per  square  millimeter)  
Allergens  Frequency  (n)  
Dermatophagoides  sp.  40%  (9)  
House mites  45%  (10)  
Cockroach 32%  (7)  
Nasal symptoms  Frequency  (
Obstruction  90%  (20)  
Rhinorrhea 95.45%  (21)
Itching 81.81%  (18)
Sneezing 86.36%  (19)
Total score  (median  and  interval)  6  (4--8)   PRESS
3
rocedures
xposure  or  no  exposure  to  tobacco  cigarette  smoke  was
etermined  by  means  of  The  Global  Youth  Tobacco  Survey,17
nd  by  urinary  cotinine/creatinine  ratio.18 On  the  same
ay  that  participants  replied  to  the  questionnaire,  their
rine  was  collected  to  assess  their  cotinine/creatinine  ratio.
nly  when  the  two  evaluations  were  consistent,  patients
ere  included  in  the  study.  The  cotinine/creatinine  ratio
as  assessed  by  solid-phase  competitive  chemiluminescent
mmunoassay  for  cotinine  (Metabolites  of  Nicotine,  DPC
rance;  Immulite  1000,  DPC,  NJ,  USA)  and  colorimetric
affé  method  for  creatinine  (Clinical  Chemistry  IL  TestTM,
pinreac,  Saint  Esteve  de  Bas,  Spain;  Express  Plus,  Bayer,
arrytown,  NY,  USA).  A cut-off  value  of  21.8  ng/mg  of
otinine/creatinine  ratio  was  used  to  identify  exposure  to
obacco  smoke.18
After  a  clinical  evaluation  was  performed,  patients
eplied  to  the  short  version  of  the  questionnaire  from
he  ‘‘International  Study  of  Asthma  and  Allergies  in  Child-
ood’’9 and  a  validated  questionnaire  of  the  severity  of
asal  symptoms  in  children  with  perennial  allergic  rhinitis.19
he  symptoms  evaluated  were:  congestion,  sneezing,  itch-
ng  and  rhinorrhea.  The  severity  of  each  symptom  was  rated
y  the  patient  as  absent  (0),  mild  (1),  moderate  (2)  or
evere  (3).  Total  symptom  score  was  calculated  as  the  sum
f  each  symptom  score  (maximum  =  12).19 In  children  and
eenagers  with  perennial  allergic  rhinitis,  this  questionnaire
as  shown  a  consistency  of  0.89  and  repeatability  of  96%,
ith  a  repeatability  coefﬁcient  of  2.20
Nasal  mucosal  samples  were  obtained  by  scraping  the
iddle  one-third  of  the  inferior  turbinates  (Rhinoprobe
rlington  Scientiﬁc  Inc.,  Arlington,  TX,  USA)  and  were
tained  with  Wright-Giemsa  stain.  All  samples  were  analyzed
initis:  22  with  and  22  with  no  exposure  to  cigarette  tobacco
Passive  exposure  (n  =  22)  No  exposure  (n  =  22)  p  ≤  0.05
12.09  ±  3.0  11.9  ±  3.2  --
47.09  ±  14.99  44.46  ±  15.48  --
1.48  ±  0.13  1.45  ±  0.16  --
20.98  (4.6)  20.44  (3.43)  --
3.6  ±  2.1  4.4  ±  3.3  --
25.98  ±  3.7  11.21  ±  2.47  ≤0.01
194  ±  178  4  ±  7  ≤0.01
198  ±  264  18  ±  40  ≤0.01
Frequency  (n)
50%  (11)  --
36%  (8)  --
36%  (8)  --
n)  Frequency  (n)
86.36%  (19)  --
 95.45%  (21)  --
 81.81%  (18)  --
 68.18%  (15)  --
6  (4--8)  --
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Figure  1  Linear  relationship  between  the  urine  coti-
nine/creatinine  ratio  and  (A)  the  count  of  immunoreactive  cells
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y  immunohistochemistry,  by  two  independent  reviewers,
n  the  slides  of  ten  calibrated  ﬁelds  that  were  ran-
omly  selected  (Leica,  DM750,  40×),  to  determine  the
ounts  of  immunoreactive  cells  to  eotaxin-1  and  eosinophils
er  squared  millimeter,  using  rabbit  monoclonal  antibody
hemokine  (C  C  motif)  ligand  11  (Eotaxin  EPR5825;  Gene-
ex  Irving,  CA,  USA)  and  mouse  monoclonal  antibodies
mouse  mayor  basic  protein  BMK13,  1:25;  Chemicon  Inter-
ational,  Temecula,  CA,  USA)  respectively.
tatistical  analysis
fter  Kolmogorov  Smirnov  test,  statistical  analysis  was  per-
ormed  according  to  data  distribution  using  t  test,  Pearson’s
orrelation  coefﬁcient  and  Analysis  of  Covariance,  values  of
 ≤  0.05  were  considered  signiﬁcant.
esults
linical  characteristics  of  the  patients
he  general  characteristics  of  the  patients  are  described  in
able  1.  Among  the  patients  with  exposure  to  tobacco  smoke
Group  I),  21  patients  reported  only  passive  exposure  and
ne  patient  reported  both,  passive  and  active  exposure.  In
he  two  groups,  the  number  of  positive  allergens  during  prick
esting  (AllerStand,  Mexico  City;  IRC  guidelines,  1994)  was
rom  1  to  13  (median  3)  and  the  most  frequent  allergen  was
ermatophagoides  sp.  (40%  in  Group  I  vs.  50%  in  Group  II).
The  frequency  and  severity  of  the  nasal  symptoms  is
escribed  in  Table  1.  There  was  no  difference  between
roups  either  on  the  frequency  of  each  symptom  or  the
otal  score  (median  6,  in  the  2  Groups).  The  most  frequent
ymptom  was  rhinorrhea,  which  was  reported  by  95%  of  the
atients  in  the  two  groups.
mmunoreactive  cell  counts  of  eotaxin-1  and  eosinophils
atients  with  exposure  to  tobacco  cigarette  smoke  had
igher  counts  of  immunoreactive  cells  in  the  nasal  mucosa
or  both  eotaxin-1  and  eosinophils  than  patients  with  no
xposure  (t  Student,  p  <  0.05)  (Table  1).  Although  the  two
ariables  showed  no  linear  relationship  between  them,  in
he  whole  group,  the  cell  counts  of  both  eotaxine-1  and
osinophils  were  related  to  the  urine  cotinine/creatinine
atio  (Pearson’s  r  =  0.51  and  0.50  respectively,  p  <  0.001)
Fig.  1).
Analysis  of  Covariance  showed  that  the  relationship
etween  the  cell  count  of  eotaxin-1  and  the  urine  coti-
ine/creatinine  ratio  was  independent  from  the  age,  the
ender  and  the  body  mass  index  of  the  patients  (p  >  0.05),
hile  the  relationship  between  the  cell  count  of  eosinophils
nd  the  urine  cotinine/creatinine  ratio  was  related  to  the
ge  (ˇ  =  −0.6,  95%  CI  0.89--0.31)  and  to  the  body  mass  index
ˇ  =  0.44,  95%  CI  0.15--0.74)  (whole  model  R  =  0.7,  p <  0.001).
iscussionhe  results  of  this  study  show  evidence  that  compared
o  children  and  teenagers  with  no  exposure  to  tobacco
igarette  smoke,  those  with  perennial  allergic  rhinitis
a
b
r
to eotaxin-1  and  (B)  the  count  of  eosinophils,  in  the  nasal
ucosa  of  44  patients  with  perennial  allergic  rhinitis.
ho  were  exposed  to  tobacco  smoke  may  have  increased
mmunoreactive  cell  counts  in  their  nasal  mucosa  to  both
otaxin-1  and  eosinophils,  which  are  related  to  their  urine
otinine/creatinine  ratio.
In  animal  models  and  humans,  several  effects  of  expo-
ure  to  tobacco  smoke  on  the  immune  response  have
een  described,21--24 including  modiﬁed  blood  counts  of
osinophils  and  monocytes.25 However,  there  is  a  lack  of
tudies  assessing  the  effect  of  tobacco  smoke  exposure
n  eotaxin-1  in  patients  with  allergic  rhinitis.  This  study
hows  that  even  passive  exposure  to  tobacco  smoke  may
ncrease  immunoreactive  cell  counts  to  eotaxin-1  in  the
asal  mucosa,  which  are  linearly  related  to  the  exposure.
hen,  in  patients  with  allergic  rhinitis,  assessment  and  con-
rol  of  the  exposure  to  tobacco  smoke  may  contribute  to
revent  further  damage  to  the  nasal  mucosa.
Interestingly,  immunoreactive  cell  counts  of  eotaxin-1
ere  not  related  to  the  counts  of  eosinophils  or  to  the  char-
cteristics  of  the  subjects.  This  ﬁnding  could  be  explained
ecause  eotaxin-1  binds  with  high  afﬁnity  to  CC  chemokine
eceptor  3,  which  is  expressed  by  a  variety  of  inﬂamma-
ory  cells,  including  eosinophils,  mast  cells,  basophils,  and
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T  helper  type  2  lymphocytes.4--6 Then,  CCR3-eotaxin  are
expressed  not  only  in  cells  implicated  in  activation  or  migra-
tion  of  eosinophils  but  also  in  various  other  cells  involved  in
allergic  inﬂammation.26,27
The  relationship  between  the  count  of  eosinophils  and
the  body  mass  index,  observed  in  the  whole  group  of
patients,  is  in  agreement  with  previous  reports  showing  a
proportional  relationship  between  the  body  mass  index  and
allergic  diseases  of  the  airways.15,28,29 Although  further  stud-
ies  are  needed  to  understand  its  meaning.
The  ﬁnding  of  a  similar  frequency/severity  of  nasal  symp-
toms  in  patients  with  allergic  rhinitis  exposed  or  not  to
tobacco  smoke,  might  have  been  related  to  the  age  of  the
participants.  Evidence  support  that  children  and  teenagers
with  perennial  rhinitis  frequently  under-report  their  nasal
symptoms.30,31 Additionally,  the  study  setting  may  have  been
a  confounder;  all  participants  were  living  in  one  of  the
most  polluted  cities  in  the  world.  Since  the  two  groups
were  similarly  exposed  to  pollution,  they  were  comparable,
but  environmental  factors  may  have  interfered  with  their
symptoms.  Several  between-  and  within-country  associa-
tions  between  environmental  factors  and  persistent  rhinitis
symptom  prevalence  have  been  reported.32,33 In  Peru34 and
in  Brazil,35 higher  current  asthma  and  rhinitis  symptoms
have  been  observed  in  urban  teenagers  as  compared  to  those
living  in  rural  villages.
Evidence  supports  that  sex  hormones  are  likely  to  play
an  important  role  in  the  development  and  outcome  of  the
allergic  immune  response.36 Although,  this  study  was  not
designed  to  explore  it,  the  similar  age  and  male/female
ratio  of  the  two  groups  allowed  comparisons  between  them,
while  controlling  for  a  possible  inﬂuence  of  these  factors  on
the  results.
The  main  limitations  of  this  study  are  the  design  and  the
sample  size.  The  cross-sectional  design  prevent  us  to  discuss
any  causal  relationship;  and  the  sample  size  allowed  us  to
identify  only  the  most  evident  differences,  without  deny-
ing  other  possible  relationships  among  the  variables  of  the
study.  Although,  the  selection  criteria  were  useful  to  con-
trol  the  inﬂuence  of  the  main  confounders  (like  concurrent
inﬂammatory  diseases  and  immunotherapy),  a  possible  inﬂu-
ence  on  the  results  of  other  potential  confounders,  like  food
intake  and  the  respiratory  exposure  to  other  substances,
cannot  be  excluded.
In  conclusion,  exposure  to  tobacco  cigarette  smoke  can
increase  eotaxin-1  and  the  count  of  eosinophils  in  the  nasal
mucosa  of  young  patients  with  perennial  allergic  rhinitis.
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